Introduction {#s0001}
============

Seasonal allergic conjunctivitis is eye inflammation induced by an allergic reaction to substances, such as pollens and molds.[@cit0001],[@cit0002] Therefore, seasonal allergic conjunctivitis worsens during the same season every year.[@cit0001],[@cit0002] In addition, allergic conjunctivitis is exacerbated by foreign body reaction caused by wearing a soft contact lens (SCL) during the hay fever season. The moist surfaces of SCLs may also trap various allergens, such as pollens, and cause worse symptoms of allergic conjunctivitis. Thus, daily cleaning and disinfection of SCLs are required when using conventional SCLs or frequent-replacement SCLs to remove pollens and protein components attached to the SCLs for self-care on the patient's side.

SCL disinfectant solutions include povidone-iodine, multi-purpose solutions (MPS) using chemical disinfectants, and hydrogen peroxide-based solutions. Hydrogen peroxide has been reported to be superior to MPS in disinfecting and cleaning effects.[@cit0001]--[@cit0005] It has also been reported that microorganisms such as bacteria, viruses, fungi, and *Acanthamoeba* attached to SCLs are killed by soaking with 3% hydrogen peroxide for 6 hours.[@cit0006] However, the cleaning effect of hydrogen peroxide on pollens attached to SCLs is not well understood. We examined the cleaning effect of commercially available hydrogen peroxide solutions on pollen components adhering to SCLs.

Methods {#s0002}
=======

Research Design and Test Chemicals {#s0002-s2001}
----------------------------------

This study was a randomized and non-clinical study. This study was approved by the Ethics Committee of Teikyo University as a study on the causative bacteria of ocular infections, including contact lens contamination (\#Teirin 18--227) and performed at an ophthalmology laboratory of Teikyo University School of Medicine from April 2019 to September 2019. Hydrogen peroxide solutions (AOSept Clear Care, Alcon Japan, Minato-ku, Tokyo, Japan) and physiological saline (Otsuka Pharmaceutical Co., Ltd) were purchased. Details of the drug solutions used in this test are shown in [Table 1](#t0001){ref-type="table"}. The sample size was ten in the group using physiological saline (saline group) and ten in the group using hydrogen peroxide solution (hydrogen peroxide group).Table 1Details and Composition of Cleaning Solution**Physiological Saline**Chemical NameOtsuka Normal SalineActive IngredientNoneIngredientsSodium chloride 0.18 mg/20 mLManufacturerOtsuka Pharmaceutical Co., Ltd.**Hydrogen Peroxide Solution**Chemical NameAOSept Clear CareActive IngredientHydrogen peroxide 3.42 w/v%IngredientsStabilizers, Buffers, pH adjusters, Tonicity agents, Surfactants (Polyoxyethyleneoxypropylene glycol)ManufacturerAlcon Japan Ltd.

Cleaning Method of SCL {#s0002-s2002}
----------------------

Japanese cedar pollen collected on March 3, 2019, was used in this study (Yamizo Pollen Study Group, Daigo-cho, Ibaraki Prefecture, Japan). A drop of 0.2 mL of physiological saline containing 0.01 mg/mL of cedar pollen was dropped inside unused SCLs (J & J 2 week Acuvue; Johnson & Johnson, Chiyoda-ku, Tokyo, Japan) and kept at room temperature for 1 hour. The details of SCL are as follows: FDA group (IV), principal components (2-HEMA, MAA), USAN nomenclature (etafilcon A), water content (58%), oxygen permeability (DK; 28.0×10^−11^(cm2/sec)(mlO2/mL×mmHg)), and oxygen transmissibility (Dk/L; 33.3×10^−9^(cm×mLO2/sec×mL×mmHg). After 1 hour, the SCLs were randomly divided into two groups, the saline group (n = 10) and the hydrogen peroxide group (n = 10), and then the SCLs were rubbed and rinsed three times. The rubbing method was as follows: the lens was placed on the palm, a few drops of physiological saline were applied, and both sides of the lens were rubbed lightly with fingers 30 times. The SCLs were further rinsed with physiological saline. The SCLs were placed in the lens holder of a disposable cup and were soaked with each chemical solution for 6 hours at room temperature according to the manufacturer's instructions. The SCLs were further rinsed three times with physiological saline. The central part of the inner surface of the SCL was observed under a microscope (BX-61, Olympus, Tokyo, Japan) attached with a CCD camera. And the images were first captured in high TIFF format with an original size of 4800x3600 pixels (width × height) in 24-bit red, green and blue (RGB) color at 72 pixels per inch resolution and transferred to a computer equipped with the image analysis software to be analyzed. Additionally, the observed images were converted to the JPEG format for the analysis. The number of particles adhering to the area of 100 µm × 100 µm in the central part of the saved image (the central part of CL) and the ratio of the adhering area were analyzed using ImageJ analysis software (version 1.52a; Wayne Rasband, NIH, Bethesda, MD, [[http://imagej.nih.gov/ij/docs/index. html](http://imagej.nih.gov/ij/docs/index. html)]{.ul}).

Method of Randomization and Statistical Analysis {#s0002-s2003}
------------------------------------------------

Numbers were sequentially assigned to the lenses, and a cleaning solution was determined for each lens using a random number table. The measurements were performed in the order of numbers. An independent sample *t*-test was used for comparison between the two groups, saline and hydrogen peroxide.

Results {#s0003}
=======

Pollen Particles Adhered to SCL Before Washing {#s0003-s2001}
----------------------------------------------

[Figure 1](#f0001){ref-type="fig"} shows photographs of the pollen particles after being left on the SCLs for 1 hour and after being washed with physiological saline or hydrogen peroxide solution. [Figure 2](#f0002){ref-type="fig"} shows the number of pollen particles and the adhesion area immediately after being left on the SCLs for 1 hour. There was no difference in the number of pollen particles (p = 0.1537, [Figure 2A](#f0002){ref-type="fig"}) and the area of adhesion (p = 0.7473, [Figure 2B](#f0002){ref-type="fig"}) between the saline and hydrogen peroxide group.Figure 1Photographs of pollen particles attached to 2-week replacement soft contact lenses (SCL). (**A** and **B**) Photographs of pollen adhered to the inner surface of an SCL for 1 hour. (**C** and **D**) Photograph of pollen particles remaining on SCL after washing with physiological saline or hydrogen peroxide solution. Bars = 50 µm.Figure 2Comparison of pollen particles adhered to soft contact lenses (SCL) after scrubbing with physiological saline and hydrogen peroxide. (**A**) Number of pollen particles attached per single area (100 µm × 100 µm) in the central part of the SCL. (**B**) Percentage of adhesion area of pollen particles on the inner surface of the SCL (%). \*P value: Independent sample *t*-test was used for comparison between the two groups. Values are expressed as mean ± standard deviation.

Pollen Particles Adhered to SCL After Washing with a Washing Solution {#s0003-s2002}
---------------------------------------------------------------------

[Figure 3](#f0003){ref-type="fig"} shows photographs of pollen particles after washing with physiological saline (n = 10) or hydrogen peroxide (n = 10) for 6 hours. The number of pollen particles attached to the SCL per single area (100 μm × 100 μm) was 23.7 ± 25.7 in the saline group and 0.2 ± 0.6/100 μm × 100 μm in the hydrogen peroxide group ([Figure 4A](#f0004){ref-type="fig"}). There was a significant difference between the two groups (independent sample *t*-test, p = 0.0134).Figure 3Photographs of pollen particles attached to the inner surface of a soft contact lens (SCL) after washing with physiological saline or hydrogen peroxide. Bars = 100 µm.Figure 4Comparison of pollen particles adhered to soft contact lenses (SCL) after washing with physiological saline and hydrogen peroxide. (**A**) Number of pollen particles attached per single area (100 µm × 100 µm) in the central part of the SCL. (**B**) Percentage of adhesion area of pollen particles on the inner surface of the SCL (%). \*P value: Independent sample *t*-test was used for comparison between the two groups. Values are expressed as mean ± standard deviation.

[Figure 4B](#f0004){ref-type="fig"} shows the ratio (occupancy rate) of the adhesion area of pollen particles. The percentage of pollen adhered area was 0.9 ± 1.1% in the saline group and 0.0 ± 0.0% in the hydrogen peroxide group. There was a significant difference between the two groups (independent sample *t*-test, p = 0.0321).

Discussion {#s0004}
==========

To date, there are many studies on the antibiotic effect of hydrogen peroxide against microorganisms attached to SCLs.[@cit0001]--[@cit0007] For example, hydrogen peroxide was effective against clinical bacterial isolates and not affected by organic soils in tears. Retuerto and associates examined microbiome adherent to CLs and the association of bacterial communities with the use of lens care solutions. They reported that Corynebacterium, Haemophilus, and Streptococcus were more detected in the MPS-treated CLs compared with hydrogen peroxide-treated CLs.[@cit0009] Guillon and associates also examined the effect of two lens care systems on silicone hydrogel contact lens wettability. They reported that contact lens wettability and surface cleanliness were significantly better in hydrogen peroxide cleaning and disinfecting system than in MPS at the end of three months of use.[@cit0010] These results suggest that hydrogen peroxide is superior to MPS in disinfecting and cleaning effects. However, there are few studies on the cleaning effect of pollen attached to SCLs by disinfectants. This is the first study to verify the effect of cleaning pollen attached to SCLs by hydrogen peroxide solution.

In this study, hydrogen peroxide-based contact lens cleaning was superior to physiological saline in cleaning effect on pollen particles adhering to SCLs. The hydrogen peroxide solution is also used as a general disinfectant, oxidol, and is also used for disinfecting wounds and sanitary equipment. Hydrogen peroxide is rapidly decomposed into oxygen during disinfection, and its half-life in vivo is extremely short. Therefore, hydrogen peroxide itself disappears after the disinfection of the SCL. Catalase, a hydrogen peroxide-degrading enzyme, is widely distributed in many plants, animals, and microorganisms except for anaerobic bacteria.[@cit0011] Hydrogen peroxide (H~2~O~2~) is converted into oxygen and water in vivo by a disproportionation reaction by catalase and subsequently eliminated. A large amount of oxygen is generated in the process of hydrogen peroxide water being decomposed by the reaction with catalase. Therefore, it is possible that large amounts of oxygen bubbling occurs while decomposing and removing pollen particles from SCLs. These results show that hydrogen peroxide disinfection not only has the effect of disinfecting microorganisms[@cit0012],[@cit0013],[@cit0014] but also of physically removing proteins and foreign substances by foaming oxygen generated by decomposition from the hydrogen peroxide solution. Additionally, we previously confirmed that 3% hydrogen peroxide burst pollen independent of contact lenses.[@cit0015] Our previous study also showed that saline can cause the pollen to burst by osmotic pressure and the burst rate was higher with 24-hour exposure than with 1-hour exposure. Oxygen bubbles generated from hydrogen peroxide could cause pollen to burst more than water or saline.[@cit0015]

Zhu and associates compared three types of SCL cleaning techniques in the use of MPS, including 1) rub and rinse before soaking, 2) rinse-only: no rubbing step, and 3) no rub and no rinse: soaking only.[@cit0016] They concluded that 'rub and rinse' is the most effective regimen to disinfect microorganisms remaining on SCLs.[@cit0016] Our previous study also demonstrated that the pollen particles remained attached to the surface of SCLs after rinsing 3 times but most of the pollen were removed by rubbing the SCL strongly with the fingers.[@cit0015] Therefore, the best way of cleaning contact lenses may be rub and rinse.

This study has some limitations. First, the amount of pollen used was not realistic, and the study was conducted under rather severe conditions. The general airborne amount of pollen is much less than the experimental amount. Second, this study only compared hydrogen peroxide disinfection with physiological saline although MPS is the common choice as disinfectants. Previously, we compared the disinfecting effects of hydrogen peroxide disinfection with MPS in a 24-hour long-term exposure experiment of pollen particles to SCLs.[@cit0015] In the future, it is necessary to examine the comparison between hydrogen peroxide solution and other disinfectants. Third, it is difficult to verify the true effect of hydrogen peroxide solution itself because the commercial solution contains other ingredients. However, the ingredients including surfactants of polyoxyethyleneoxypropylene glycol are used as an emulsifier for solutions and have no sterilizing effect on organisms. Therefore, we think that this study has adequately demonstrated the pollen cleaning effect of commercial hydrogen peroxide solutions.

Conclusion {#s0005}
==========

Various particles such as proteins, foreign substances, and pollen attached to SCLs may exacerbate allergic conjunctivitis. This study demonstrated that AOSept Clear Care with hydrogen peroxide has an excellent effect of removing pollen components adhering to 2-week replacement disposable type SCLs.
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